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(57) ABSTRACT

A UV lamp includes a UV lamp unit including a tubular bulb
and an antenna inserted in the tubular bulb, and an antenna
lead for supplying microwave energy from a microwave
energy source to the UV lamp unit. The antenna lead includes
a bent portion, one end of which is connected to the antenna
and the other end is connectable to the microwave energy
source.

25 Claims, 6 Drawing Sheets
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1
UV LAMP AND A CAVITY-LESS UV LAMP
SYSTEM

TECHNICAL FIELD

This application relates to an ultra violet (UV) lamp, in
particular, a cavity-less UV lamp system.

BACKGROUND

FIGS. 1A and 1B show a conventional UV lamp system
which employs a cavity. The UV lamp system 10 includes a
microwave or RF wave energy source 11, for example, a
magnetron, a waveguide 12 and a cavity 13. In the cavity 13,
a UV lamp 14 is disposed. In FIG. 1, two UV lamps are
arranged in a housing 15.

The microwave energy generated by the magnetron 11 is
supplied to the cavity 13 thorough a waveguide 12. Inside the
cavity 13, the microwave energy is coupled with the UV lamp
14, and excites one or more elements contained in the UV
lamp (for example, Hg), thereby the UV lamp emits UV light
including, for example, light of D line wavelength (365 nm).

As shown in FIG. 1B, two UV lamps 14 having a two-inch
(5 cm) length are used so as to obtain a wide light irradiation
area of about 6-inches (15 cm) in length. However, longer
length lamps 14 can be utilized depending on applications of
the UV lamp system.

Recently, a new type of UV lamp that does not require a
cavity has been developed. For example, U.S. Pat. No. 7,095,
163 describes one example of the cavity-less UV lamp. The
entire contents of U.S. Pat. No. 7,095,163 are incorporated
herein by reference.

FIG. 2 shows a schematic view of the UV lamp disclosed in
U.S. Pat. No. 7,095,163. The UV lamp 20 includes a coaxial
glass bulb 21 inside of which Hg vapors and Ar gas are
enclosed, and an antenna 22 as a microwave coaxial probe.
Microwave energy (MW) is supplied through the antenna 22
so as to excite Hg vapor enclosed in the glass bulb 21 to
radiate ultra violet (UV) radiation.

However, the UV lamp of U.S. Pat. No. 7,095,163 has
several problems. For example, the length of the glass bulb 21
is limited to about A/4, where A is a wavelength of the micro-
wave energy. When the wavelength A is 2.45 GHz, M4 is
about 3 cm.

Further, as shown in FIG. 2, since the antenna 22 is straight,
the arrangement of the UV lamp 20 inside a housing is lim-
ited.

The teachings herein alleviate one or more of the above
noted problems with a UV lamp including a UV lamp unit and
an antenna lead having a bent portion.

SUMMARY

An exemplary UV (ultra violet) lamp of the present disclo-
sure includes a UV lamp unit including a tubular bulb and an
antenna inside or surrounded by the tubular bulb, and an
antenna lead for supplying microwave energy from a micro-
wave energy source to the UV lamp unit. The antenna lead
may include a bent portion, one end of which is connected to
the antenna.

In some examples of the UV lamp, the antenna lead may
include a coaxial cable having an exposed inner conductor,
and the exposed inner conductor may be inside the tubular
bulb.

In some examples of the UV lamps, the antenna lead may
include a coaxial cable including an inner conductor, insula-
tor, and an outer conductor. A part of the outer conductor may
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be inside the tubular bulb. The insulator is made of a heat
resistant material resistant to heat emitted from the lamp. The
heat resistant material may be a ceramic.

In some examples of the UV lamps, the bent portion has an
L-shape having a substantially 90° angle, a U-shape, or an
S-shape. The L-shape portion may include an elbow joint
having a first joint portion and a second joint portion. An end
of'the antenna lead is connected to the first joint portion, and
a coaxial cable, connectable to the microwave energy source,
is connected to the second joint portion.

In some examples of the UV lamps, the antenna lead may
include a plurality of bent portions.

Further, in some examples of the UV lamps, the tubular
bulb may include an inner wall, outer wall and side walls
connecting the inner wall and the outer wall, and the inner
wall, the outer wall and the side walls constitute an enclosed
space. One or more emission elements which absorb the
microwave energy and emit UV energy are enclosed in the
enclosed space.

An exemplary cavity-less UV lamp system of the present
disclosure includes a UV lamp comprising a tubular bulb
having a length and thickness smaller than the length, an
antenna and an antenna lead, a microwave energy source for
supplying microwave energy to the UV lamp, and a housing
accommodating the microwave energy source and the UV
lamp. The housing may have a light output portion compris-
ing an opening having a major axis. The length of the tubular
bulb may be disposed in parallel with the major axis of the
opening. The antenna lead may include a first portion extend-
ing from the antenna and in parallel to the length of the tubular
bulb and a second portion extending substantially perpen-
dicular to the first portion.

The above cavity-less UV lamp system may further include
aplurality of UV lamps, and a plurality of microwave energy
sources each providing microwave energy to a corresponding
UV lamp. The plurality of UV lamps may be arranged along
a substantially straight line, or arranged along a same axis.

In some examples of the cavity-less UV lamp systems, two
UV lamps may be arranged adjacent each other, and the
antenna of each UV lamp may extend in opposite directions.
The two antennas extend in directions substantially 180° to
each other.

In some examples of the cavity-less UV lamp systems, the
microwave energy source may be a magnetron.

Further, in some examples of the cavity-less UV lamp
systems, the antenna lead may include a coaxial cable having
an exposed inner conductor. The exposed inner conductor
may be inserted into the tubular bulb.

In some examples of the cavity-less UV lamp systems, the
antenna lead may include a coaxial cable including an inner
conductor, insulator, and an outer conductor. The insulator
may be made of a heat resistant material resistant to heat
emitted from the lamp. The heat resistant material may be
ceramic. A part of the outer conductor may be inside the
tubular bulb.

In some examples of the cavity-less UV lamp systems, the
bent portion may have an L-shape having a substantially 90°
angle, a U-shape, or an S-shape. The L-shape portion may
include an elbow joint having a first joint portion and a second
joint portion. An end of the antenna lead is connected to the
first joint portion, and a coaxial cable connected to the micro-
wave energy source is connected to the second joint portion.
The antenna lead may include a plurality of bent portions.

In some examples of the cavity-less UV lamp systems, the
tubular bulb may include an inner wall, outer wall and side
walls connecting the inner wall and the outer wall, and the
inner wall, the outer wall and the side walls constitute an
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enclosed space. One or more emission elements which absorb
the microwave energy and emit UV energy are enclosed in the
enclosed space.

Additional advantages and novel features will be set forth
in part in the description which follows, and in part will
become apparent to those skilled in the art upon review of the
following and the accompanying drawings or may be learned
by production or operation of the examples. The advantages
of the present teachings may be realized and attained by
practice or use of various aspects of the methodologies,
instrumentalities and combinations set forth in the detailed
examples discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B show a conventional UV lamp system.

FIG. 2 shows a schematic view of the UV lamp disclosed in
U.S. Pat. No. 7,095,163.

FIG. 3 shows an exemplary schematic view of a UV lamp
according to one example of the present disclosure.

FIG. 4 shows an exemplary schematic view of an elbow
joint.

FIG. 5 shows an exemplary schematic view of the tubular
bulb.

FIGS. 6 and 7 show an exemplary cavity-less UV lamp
system according to one example of the present disclosure.

DETAILED DESCRIPTION

FIG. 3 shows an exemplary schematic view of a UV lamp
according to the present disclosure. The UV lamp 100
includes a UV lamp unit 110 including a tubular bulb 120 and
an antenna 130 inserted in the tubular bulb 120, and an
antenna lead 140 for supplying microwave energy from a
microwave or RF energy source 150 to the UV lamp unit. In
FIG. 3, two UV lamps 100 are shown.

The antenna lead 140 includes a bent portion 145. One end
of the bent portion is connected to the antenna 130 and the
other end is connected to the microwave energy source 150.
Here, the antenna lead 140 is a coaxial cable an inner con-
ductor, insulator and an outer conductor. At the end of the
antenna lead 140, the inner conductor is exposed to constitute
the antenna 130. The exposed portion (antenna) and a part of
the antenna lead in which the inner conductor is not exposed
are inserted into the tubular bulb 120.

The bent portion 145 has an [.-shape having a substantially
90° angle. The L-shape may be replaced with a U-shape
having a round corner. It is noted that “a substantially 90°
angle” allows some manufacturing errors or design optimi-
zation and may include, for example but not limited to, 85°-
95°.

In certain embodiments of the present disclosure, the dis-
tance from one end of a first bulb 152 to an end of a second
bulb 154 is about 6 inches. Each antenna 120 supplies about
1.5 Kw of microwave power.

In the present disclosure, the insulator of the coaxial cable
is made of a heat resistant material resistant to heat emitted
from the lamp, for example, a ceramic. When a ceramic is
used as the insulator, it may be difficult to bend the coaxial
cable to 90° angle. In such a case, an elbow joint 400 as shown
in FIG. 4 can be used. The elbow joint 400 has a first joint
portion 410 and a second joint portion 420. The end of the
antenna lead 140 is connected to the first joint portion 410 and
a coaxial cable 141 connected to the microwave energy
source 150 is connected to the second joint portion 420. The
inside of the elbow joint body 430 is formed with an insulat-
ing material, for example, a ceramic, in which a conductor
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440 is embedded. The elbow joint 400 is configured so that,
when the coaxial cables 140 and 141 are connected to the
elbow joint, the inner conductor of the cables 140 and 141 are
connected to each other via the conductor 440.

FIG. 5 shows an exemplary schematic view of the tubular
bulb 120. The tubular bulb 120 has open ends 510. The
antenna lead 140 is inserted into the tubular bulb from one of
the open ends 510. The tubular bulb 120 includes an inner
wall 530, outer wall 540 and side walls 550 connecting the
inner wall 530 and the outer wall 540. The inner wall 530, the
outer wall 540 and the side walls 550 constitute a depressur-
ized enclosed space. One or more emission elements, for
example, Hg, which absorb the microwave energy and emit
UV energy are enclosed in the enclosed space.

FIGS. 6 and 7 show an exemplary cavity-less UV lamp
system 600 according to the present disclosure. FIG. 6 shows
a front view and FIG. 7 shows a side view. The UV lamp
system 600 does not include a cavity which has been used in
the conventional UV lamp system. Instead, the UV lamp
system 600 employs the above mentioned UV lamp 100. The
lamp system 600 includes a housing 610 accommodating the
microwave energy source 150 and the UV lamp 100. The
housing 610 has a light output portion including an opening
620 having a major axis 630. In FIG. 6, two pairs of magne-
trons 150 and UV lamps 100 are illustrated. A reflector 640
may be disposed inside the housing, as shown in FIG. 7.

The tubular bulb 120 has a length and a thickness smaller
than the length. The length of the tubular bulb 120 is disposed
in parallel with the major axis 630 of the opening 620, as
shown in FIG. 6. The antenna lead 140 includes a first portion
142 extending from the antenna 130 and in parallel to the
length of the tubular bulb 120, and a second portion 144
extending substantially perpendicular to the first portion 142.
Further, in FIG. 6, the antenna lead 140 includes a third
portion 146 extending substantially perpendicular to the sec-
ond portion 144, and a fourth portion 148 extending substan-
tially perpendicular to the third portion 146 and connected to
the magnetron 150, thereby forming multiple bent portions in
the antenna lead 140. In some of embodiments of the disclo-
sure, the bent portion includes an S-shape.

As shown in FIG. 6, two UV lamps 100 are arranged
adjacent each other, and the antennas 130 of each UV lamp
extend in opposite directions. Similarly, the first portions 142
of the antenna lead of each UV lamp extend in opposite
directions. Preferably, the two antennas extend in directions
substantially 180° to each other. In other words, a plurality of
UV lamps are arranged along a substantially straight line, or
arranged along a same axis. It is noted that “substantially
180°” allows some manufacturing errors or design optimiza-
tion and may include, for example but not limited to, 175°-
185°.

InFIG. 6, two sets of the UV lamps and the magnetrons are
used. In this configuration, it is possible to obtain a wide
irradiation area, for example, 80 cm in length. If three or more
sets of the UV lamps and the magnetrons are used, larger
irradiation areas can be realized.

In certain embodiments, such as the above examples, the
microwave frequency of the magnetron is 2450 MHz. How-
ever, lower frequencies, for example, 915 MHz may be used.
Further, instead of the magnetron, a solid state RF amplifier
may be used as an excitation energy source.

With the foregoing configuration, it is possible to flexibly
design an UV illumination system. It is also possible to obtain
a compact and small UV illumination system.

Although certain specific examples have been disclosed, it
is noted that the present teachings may be embodied in other
forms without departing from the spirit or essential charac-
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teristics thereof. The present examples described above are
considered in all respects as illustrative and not restrictive.
The patent scope is indicated by the appended claims, and all
changes that come within the meaning and range of equiva-
lency of the claims are therefore intended to be embraced
therein.

Unless otherwise stated, all measurements, values, ratings,
positions, magnitudes, sizes, and other specifications that are
set forth in this specification, including in the claims that
follow, are approximate, not exact. They are intended to have
a reasonable range that is consistent with the functions to
which they relate and with what is customary in the art to
which they pertain.

The scope of protection is limited solely by the claims that
now follow. That scope is intended and should be interpreted
to be as broad as is consistent with the ordinary meaning of
the language that is used in the claims when interpreted in
light of this specification and the prosecution history that
follows and to encompass all structural and functional
equivalents. Notwithstanding, none of the claims are intended
to embrace subject matter that fails to satisfy the requirement
of'Sections 101, 102, or 103 of the Patent Act, nor should they
be interpreted in such a way.

Except as stated immediately above, nothing that has been
stated or illustrated is intended or should be interpreted to
cause a dedication of any component, step, feature, object,
benefit, advantage, or equivalent to the public, regardless of
whether it is or is not recited in the claims.

It will be understood that the terms and expressions used
herein have the ordinary meaning as is accorded to such terms
and expressions with respect to their corresponding respec-
tive areas of inquiry and study except where specific mean-
ings have otherwise been set forth herein. Relational terms
such as first and second and the like may be used solely to
distinguish one entity or action from another without neces-
sarily requiring or implying any actual such relationship or
order between such entities or actions. The terms “com-
prises,” “comprising,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element proceeded
by “a” or “an” does not, without further constraints, preclude
the existence of additional identical elements in the process,
method, article, or apparatus that comprises the element.

We claim:

1. A UV lamp, comprising:

a UV lamp unit including a tubular bulb and an antenna

inserted in the tubular bulb; and

an antenna lead for supplying microwave energy from a

microwave energy source to the UV lamp unit, wherein:
the antenna lead includes a coaxial cable including an inner
conductor, insulator, and an outer conductor,

the coaxial cable includes a bent portion, one end of which

is connected to the antenna and the other end is connect-
able to the microwave energy source, and

a part of outer conductor of the coaxial cable is disposed

inside the tubular bulb.

2. The UV lamp of claim 1, wherein:

the inner conductor has an exposed portion of the inner

conductor, and

the exposed portion is inside the tubular bulb and functions

as the antenna.

3. The UV lamp of claim 1, wherein:

the insulator is made of a heat resistant material resistant to

heat emitted from the lamp.
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4. The UV lamp of claim 3, wherein the heat resistant
material is a ceramic.

5.The UV lamp of claim 1, wherein the bent portion has an
L-shape having a substantially 90° angle.

6. The UV lamp of claim 5, wherein:

the L-shape portion includes an elbow joint having a first
joint portion and a second joint portion,

an end of the antenna lead is connected to the first joint
portion, and

a coaxial cable connectable to the microwave energy
source is connected to the second joint portion.

7. The UV lamp of claim 1, wherein the bent portion has a

U-shape.

8. The UV lamp of claim 1, wherein the bent portion has an
S-shape.

9. The UV lamp of claim 1, wherein the antenna lead
includes a plurality of bent portions.

10. The UV lamp of claim 1, wherein:

the tubular bulb includes an inner wall, outer wall and side
walls connecting the inner wall and the outer wall,

the inner wall, the outer wall and the side walls constitute
an enclosed space, and

one or more emission elements which absorb the micro-
wave energy and emit UV energy are enclosed in the
enclosed space.

11. A cavity-less UV lamp system comprising:

a UV lamp comprising a tubular bulb having a lengthand a
thickness smaller than the length, an antenna, and an
antenna lead;

a microwave energy source for supplying microwave
energy to the UV lamp; and

a housing accommodating the microwave energy source
and the UV lamp, wherein:

the housing has a light output portion comprising an open-
ing having a major axis,

the length of the tubular bulb is disposed in parallel with the
major axis of the opening, and

the antenna lead includes a first portion extending from the
antenna and in parallel to the length of the tubular bulb
and a second portion extending substantially perpen-
dicular to the first portion so as to form a bent portion,

the antenna lead includes a coaxial cable including an inner
conductor, insulator, and an outer conductor,

the coaxial cable includes the first and second portions and
the bent portion, and

a part of outer conductor of the first portion of the coaxial
cable is disposed inside the tubular bulb.

12. The cavity-less UV lamp system of claim 11, wherein
two antennas extend in directions substantially 180° to each
other.

13. The cavity-less UV lamp system of claim 11, wherein
the microwave energy source is a magnetron.

14. The cavity-less UV lamp system of claim 11, wherein:

the first portion of the coaxial cable has an exposed portion
of the inner conductor, and

the exposed portion is inside the tubular bulb and functions
as the antenna.

15. The cavity-less UV lamp system of claim 11, wherein:

the insulator is made of a heat resistant material resistant to
heat emitted from the lamp.

16. The cavity-less UV lamp system of claim 15, wherein

the heat resistant material is a ceramic.

17. The cavity-less UV lamp system of claim 15, wherein:

the tubular bulb includes an inner wall, outer wall, and side
walls connecting the inner wall and the outer wall,

the inner wall, the outer wall, and the side walls constitute
an enclosed space, and
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one or more emission elements which absorb the micro-
wave energy and emit UV energy are enclosed in the
enclosed space.

18. The cavity-less UV lamp system of claim 11, wherein
the bent portion has an L-shape having a substantially 90°
angle.

19. The cavity-less UV lamp system of claim 18, wherein:

the L-shape portion includes an elbow joint having a first
joint portion and a second joint portion,

an end of the antenna lead is connected to the first joint
portion, and

a coaxial cable connected to the microwave energy source
is connected to the second joint portion.

20. The cavity-less UV lamp system of claim 11, wherein

the bent portion has a U-shape.

21. The cavity-less UV lamp system of claim 11, wherein
the bent portion has an S-shape.

22. The cavity-less UV lamp system of claim 11, wherein
the antenna lead includes a plurality of bent portions.

23. A cavity-less UV lamp system, comprising:

a plurality of UV lamps, each comprising a tubular bulb
having a length and a thickness smaller than the length,
an antenna, and an antenna lead;

a plurality of microwave energy sources each providing
microwave energy to a corresponding UV lamp; and

a housing accommodating the plurality of microwave
energy sources and the plurality of UV lamps, wherein:

the housing has a light output portion comprising an open-
ing having a major axis,
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the length of the tubular bulb is disposed in parallel with the

major axis of the opening, and

the antenna lead includes a first portion extending from the

antenna and in parallel to the length of the tubular bulb
and a second portion extending substantially perpen-
dicular to the first portion.

24. The cavity-less UV lamp system of claim 23, wherein
the plurality of UV lamps are arranged along a substantially
straight line, or arranged along a same axis.

25. A cavity-less UV lamp system comprising:

two UV lamps arranged adjacent each other, each compris-

ing a tubular bulb having a length and a thickness smaller
than the length, an antenna, and an antenna lead;

a microwave energy source for supplying microwave

energy to the UV lamps; and

a housing accommodating the microwave energy source

and the UV lamps, wherein:

the housing has a light output portion comprising an open-

ing having a major axis,

the length of the tubular bulb is disposed in parallel with the

major axis of the opening,

the antenna lead includes a first portion extending from the

antenna and in parallel to the length of the tubular bulb
and a second portion extending substantially perpen-
dicular to the first portion, and

the antennas of the UV lamps extend in opposite directions.
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